Objective preoperative risk assessment tools, such as the Modified Frailty Index (mFI), may inform patient and physician decision making when considering total laryngectomy. Estimation of outcomes may help to set realistic expectations about recovery and outcomes and facilitate optimal resource management.
D ecision making regarding appropriate treatment for laryngeal cancer is complex. Fundamental to this process is accurate determination of probable surgical outcomes, which depends on interdigitating factors that relate to the patient, disease process, and surgical team and health care system. [1] [2] [3] Quality improvement efforts have led to increased attention to preoperative risk stratification. 4 Prediction models range from the gestalt or "eyeball test" to more structured assessment tools, such as the American Society of Anesthesiology score, Charlson Comorbidity Index, and American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) Surgical Risk Calculator. 5, 6 Each tool varies in level of objectivity, ease of use, and practical applicability. 5, 6 Although nominal or ordinal recognition of preoperative medical conditions as contributors toward perioperative risk is important, the identification of functional and physiologic decline (collectively measured as frailty) as a critical component of a person's ability to withstand and recover from major surgery has garnered significant interest. 4, 7, 8 Frailty may be assessed by physical phenotype (eg, unintentional weight loss, loss of grip strength, walking speed, and other physical metrics) or multidomain assessments of accumulated deficits (eg, physical, cognitive, functional, and social realms). 9, 10 The Canadian Study of Health and Aging Frailty Index is the basis of the simplified Modified Frailty Index (mFI), which has been applied to diverse surgical settings, including colorectal, gynecologic, vascular, spine, and head and neck surgery. 4, [11] [12] [13] [14] This simple, objective, and predictive tool, based on 11 variables, provides a practical platform to gauge frailty during preoperative assessment. The variables used for mFI (Box) help to estimate clinical outcomes and quantify risk of complications based on accumulated deficits independent of age. 7 The effect of frailty on mortality and severe complications (ClavienDindo grade IV complications) has been demonstrated in a variety of otolaryngology and selected major head and neck surgery procedures. 1, 4, 8 The Clavien-Dindo measure includes 5 grades: grade I indicates any deviation from the normal postoperative course without the need for pharmacologic treatment or surgical, endoscopic, and radiologic interventions; grade V indicates death of the patient. 15 We report on the association between mFI and outcomes for patients undergoing total laryngectomy with specific attention to overall morbidity, length of hospitalization, and postdischarge disposition. Patients who have undergone total laryngectomy are an excellent group to study since they typically have shared baseline risks (age and history of smoking and alcohol use) and receive interventions that are consistent in procedural and resource intensity. Improvements in preoperative risk assessment for this group may supplement selection of treatment strategy and perioperative management for patients in whom complications may be debilitating. 16 
Methods
The ACS NSQIP is a national risk-and case-mix-adjusted database that collects deidentified information from over 700 diverse institutions. Surgical case reviewers record preoperative demographics and comorbidities, intraoperative variables, and 30-day outcomes through independent review of medical records. 17 Since all information in the data set is deidentified by NSQIP prior to its availability to the investigator, this investigation remains exempt from review and approval by the institutional review board at University of Nebraska Medical Center as defined in its policies and procedures. A total of 595 patients who underwent total laryngectomy, with or without a neck dissection (Current Procedural Terminology codes 31360 and 31365), between 2006 and 2012 were initially identified. Patients who underwent concurrent procedures that represented significant deviation in procedural complexity (eg, concurrent cardiothoracic procedures, exploratory laparotomy, and major vascular reconstruction and/or bypass) were excluded. Patients who underwent free tissue transfer to reconstruct pharyngeal defects were not included to limit the effect of additional surgical sites, added surgical time, and variation in postsurgical care that may complicate the comparison. Following elimination of patients with missing information (Figure) , data from 343 patients were evaluated for baseline demographics, preoperative comorbidities, and American Society of Anesthesiology assessment status. The mFI was calculated by identification of variables listed in the Box, with a range of 0 to 11. Three hundred twenty-one patients (93.6%) had an mFI level between 0 and 3 ( Table 1) . Few patients demonstrated mFI values of 4, 5, and 6. No patients had mFI values higher than 6. To avoid statistical biases created by frailty groups with small numbers, patients were stratified into 4 cohorts based on mFI values of 0, 1, 2, and 3 or higher. Comparative analyses were performed for postoperative outcomes, including complications and length of hospitalization. Outcomes related to postoperative complications were adjusted for possible confounding variables. Additional subset analysis was performed to identify discharge disposition in patients with differing levels of frailty.
Statistical Analysis
Patients with an mFI value of 0 were identified as controls, and cohorts with higher mFI values were compared against this group. Pearson and Mantel-Haenszel χ 2 tests were used to determine differences in outcomes. Bivariate associations between the mFI and preoperative measures were evaluated using χ 2 tests for categorical measures and analysis of variance models for continuous measures, with effect sizes reported using Cramer V and η 2 with accompanying 95% CI, respectively. The bivariate effects of preoperative measures and mFI on outcomes, such as postsurgical complications, length of total hospital stay, and discharge to a facility other than home, were evaluated using logistic regression models and Cox proportional hazards regression models, with effect sizes reported as odds ratios (ORs) or hazard ratios and 95% CIs as appropriate. In addition, multivariable logistic regression and Cox proportional hazards regression models were used to evaluate the effect of mFI on outcomes controlling for preoperative measures with 95% CIs for OR and hazard ratios that did not include 1.0 in bivariate analyses. All analyses were conducted using SAS, version 9.3 (SAS Institute).
Results
A total of 343 patients who underwent a total laryngectomy, with or without a neck dissection, were included in the study. Of patients with race/ethnicity reported, 254 (82.2%) were white; the mean age was 63 years (95% CI, 61. , and 46 (13.4%) had undergone a surgical procedure within 30 days prior to undergoing a total laryngectomy. The mean operative duration for total laryngectomy in the patient cohort was 380 minutes, and no significant differences were observed between the groups when stratified by frailty. The mFI scores ranged between 0 and 6 (Table 1 ). However, for most patients, mFI scores were clustered toward the low end of the observable range. A total of 321 (93.6%) patients had mFI values between 0 and 3. A total of 102 (29.7%) patients had mFI values of 0, and this group served as the control cohort. Cohorts with mFI values of 1, 2, and 3 or higher accounted for 109 (31.8%), 78 (22.7%), and 54 (15.7%) patients, respectively. Additional breakdown of variables contributing toward the composite mFI score are reported in the eTable in the Supplement.
Overall, 96 (28.0%) patients experienced a medical or surgical complication, and 29 (8.5%) patients experienced a severe (Clavien-Dindo grade IV) complication ( Table 2) . Patients undergoing a total laryngectomy spent a mean of 11.7 days in the hospital (95% CI, 10.6-12.7). In the subset of 130 patients for whom discharge disposition was recorded, 19 (14.6%) individuals required discharge to an intermediate skilled care facility.
The risks for developing any perioperative medical or surgical complication, risk of Clavien-Dindo grade IV complications, likelihood of discharge to a skilled care facility, and pro- portional hazard for time to discharge from acute care hospitalization were studied as a function of preoperative variables, including mFI, sex, race, age, body mass index, and other factors. Multivariable analyses controlling for preoperative variables ( Table 3) .
With increasing mFI, there was a nonlinear elevation in length of hospital stay (Table 2) . Patients with a high frailty profile (mFI≥3) demonstrated the greatest need for prolonged hospitalization and exceeded the mean length of stay in the control group by 4.7 days (14.2 vs 9.5; 95% CI, 1.3-8.1 days). The hazard ratio for time to discharge (predicting the likelihood of timely discharge) for patients in this high frailty group was 0.61 (95% CI, 0.42-0.87) ( Table 3) .
As reported in Table 2 , patients in the highest frailty group were more likely to require skilled care after discharge (mFI≥3 vs 0; 33.3% vs 3.2%; difference of 30.1%; 95% CI, 7.4%-52.9%). The independent odds for patients with high frailty (mFI≥3) requiring skilled care following hospital discharge was 14.12 (95% CI, 1.56-127.62) ( Table 3) .
The overall incidence of mortality in the study population was low. There were only 4 deaths across the examined cohort, and the event rate was too low to detect meaningful differences between the various mFI groups. Similarly, there were no significant differences in the likelihood of wound complications based on differences in frailty scores.
Discussion
Several studies have validated the mFI as a reliable predictor of postoperative outcomes. 1, 4, [11] [12] [13] [14] Physiologic decline as measured by the mFI may be a key determinant of postoperative outcomes following total laryngectomy. Our study suggests that high baseline frailty in patients undergoing total laryngectomy is associated with a significantly increased risk for overall complications, prolonged postoperative hospitalization, and increased likelihood of requiring postdischarge skilled care. Patients undergoing total laryngectomy experience significant changes in anatomy and physiology and are at risk for significant postoperative complications. 16, 18 These patients represent a group with significant comorbidities and heavy resource utilization. In addition, patients with laryngeal cancer may have alternative management strategies, such as radiotherapy and chemoradiotherapy, available to them. Therefore, identifying patients at increased risk for adverse postsurgical outcomes is especially critical. In this study, 93.6% of patients had mFI values between 0 and 3, and the highest value observed was 6 on a scale of 0 to 11. This finding may reflect the realities of clinical practice in which patients who are too frail or ill to undergo surgery may be offered nonsurgical management strategies.
Patients with mFI values of 3 or higher who underwent total laryngectomy had a significantly higher overall likelihood of developing postoperative complications independent of preoperative variables, such as age, sex, body mass index, history of smoking and alcohol use, or prior exposure to radiotherapy or chemotherapy. However, frailty had no effect on the likelihood of Clavien-Dindo grade IV complications. Our findings are consistent with those of Adams and colleagues, 4 who found an increase in overall complication rates for frail patients undergoing inpatient head and neck surgery. Another previous pooled analysis of major head and neck cancer operations found no significant effect of frailty on overall morbidity. 1 Although that article did not describe the effect of frailty on overall risk for postoperative complications specific to total laryngectomy, a correlation with severe complications was reported. In the present study, we observed no significant association of frailty with Clavien-Dindo grade IV complications. This difference may be due to a more homogeneous population of patients who underwent total laryngectomy in our study. Furthermore, the exclusion of patients who underwent free flap reconstruction may have enriched the sample with patients who did not have a history of radiotherapy or chemotherapy, further augmenting this distinction. In our study, the total laryngectomy-specific incidence of Clavien-Dindo grade IV complications was low, and the effect of frailty on this set of complications may become more apparent with a larger pool of patients. We found that more than 1 in 4 patients who underwent a total laryngectomy developed medical or surgical complications, most of which did not require intensive care unit management. The incidence of complications was significantly increased in patients with the highest frailty scores (mFI≥3). Thus, the cumulative burden of morbidity experienced by patients with poor reserves at baseline may translate to inability to salvage, increased cost, higher resource utilization, and overall poor outcomes. 19, 20 The preoperative identification of frailty presents an opportunity for personalized counseling regarding anticipated risks, allowing more realistic expectations related to recovery. In its departure from using the same approach for all patients, mFI calculation may assist with the process of individualized risk assessment and may favorably affect preoperative decision making and postoperative recovery planning for patients and medical providers alike.
The data indicate that patients with increased frailty are likely to experience prolonged hospitalization. Although patients in all categories of frailty demonstrated lengthy inpatient stay, this difference was most pronounced for those with mFI values of 3 or higher. Measurement of the mFI in patients undergoing total laryngectomy quantifies the intuitive sense that patients with an increased risk of complications will likely require a longer hospitalization. Potential application of mFI may help to improve allocation of hospital-based resources, such as bed allotment. These findings may be of additional interest to health insurers who may otherwise underestimate frailty's effect on inpatient utilization.
In addition, we found that 1 in 3 patients in the highest frailty group required discharge to an intermediate care facility, such as an acute care rehabilitation or skilled nursing home. Although data about eventual disposition and return to presurgical functional status of such patients are not available, these findings emphasize that patients with high baseline frailty have a significantly different course during postsurgical recovery. The data further underline how frailty may amplify the sequelae of periprocedural physiologic challenges. The discharge destination may have serious social implications (eg, displacement from home environment), psychological impact (eg, depression), and burdensome effects on the health care economy. 21 Predicting the discharge destination proactively will improve discharge planning and reduce unintended hospital stay.
Limitations
We recognize that the retrospective nature of data has the potential for underrepresentation of frailty in the patient cohort if baseline comorbid conditions were inadequately documented in the medical record. However, the data-gathering mechanisms built into the ACS NSQIP maximize data accuracy and validity through independent review and accrual of data through careful review of clinical records from multiple sources, low rate of variance between data abstracters, and riskadjusted nature of data collection. 17 Further, due to the limitations of available information, the frailty data cannot be compared head to head with other measures of comorbidity, such as Adult Comorbidity Evaluation, which may independently provide prognostic information for patients with cancer. 22 Management of care for patients who are traditionally considered for total laryngectomy may be influenced by multiple factors that relate to underlying disease, treatment history, patient preferences, and expert recommendations from the treating medical clinicians. Available options may vary greatly between laryngeal-preserving surgery for patients with limited disease burden, laryngeal-preserving radiotherapy or chemoradiotherapy for patients with acceptable comorbidity profile and those for whom loss of natural voice is unacceptable, and primary total laryngectomy when disease burden or preexisting comorbidity (eg, chronic obstructive pulmonary disease or laryngeal dysfunction) precludes laryngeal preservation. Estimation of frailty may further aid decision making when generating recommendations for treatment.
In addition, patients who require free tissue transfer (due to treatment failure of laryngeal preservation strategies, postradiotherapy laryngeal dysfunction, or need for total pharyngectomy) present a profile associated with longer operative times, increased procedural complexity, and greater intensity of postoperative care. To prevent confounding factors that could emerge from a heterogeneous patient cohort, the present analysis focused on patients who underwent total laryngectomy and associated procedures without the use of free tissue transfer for reconstruction. The homogeneity in nature and complexity of interventions in this study improves the ability to generate clinical information specifically pertinent to patients considering total laryngectomy.
Clearly, frailty cannot and should not be the predominant determinant of any proposed management strategy but may better inform the patient and physicians when considering the risks and benefits of treatment choices. Systematic assessment of frailty may assist the identification and quantification of perioperative risks for patients with improved accuracy, reproducibility, and objectivity.
Conclusions
Frailty is one determinant of postoperative outcomes following total laryngectomy. Patients with high frailty (mFI≥3) have a significantly higher likelihood of overall complications, prolonged hospitalization, and need for skilled postdischarge care. These findings may aid in individualizing preoperative risk counseling, justify hospital-based resource allocation, and improve discharge planning for patients with higher baseline frailty.
